Mosaicism of normal and chromosomally aberrant cells was detected in 14 of 20 spleens from adult New Zealand Black (NZB) mice reared under conventional conditions, a strain that spontaneously develops autoimmunity and lymphoreticular malignancy. No abnormalities were found in marrows from these same animals or in spleens from NZB mice younger than 3 months. The prevalence of chromosomal aberrations was significantly higher in spleens from NZB mice than in spleens from the two other strains studied-SJL/J, which has high frequency of reticulum cell neoplasia and paraproteinemia but no autoimmunity, and BALB/c, which has essentially no autoimmunity and only a low incidence of generalized lymphoid neoplasms and plasmacytomas in ageing animals. Causes for the chromosomal abnormalities in NZB mice are considered in terms of other features in these mice -immunoproliferation, autoimmunity, and the presence of murine leukemia ("C"-type) virus particles.
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Congenital chromosomal abnormalities are the immediate cause of diseases in man such as Down's syndrome (mongolism), but primary etiologic mechanisms have not been firmly documented. The hypothesis that immunologic perturbations, including autoimmunity in parents, predisposes them to have children with chromosomal aberrations (1) receives some support from observations of increased frequency of thyroid "autoimmunity" in mothers of subjects with Down's syndrome (reviewed in ref. 2) . If, in fact, immunologic disorders contribute to chromosomal abnormalities in gametes or early embryos, they may also do so in adult somatic cells. Investigation of this hypothesis in man is difficult because the appropriate target tissues are relatively inaccessible. For this reason we explored the possibility that New Zealand Black (NZB) mice might be used as an experimental model in which to investigate relationships between immunologic perturbations and chromosomal aberrations. Since, in addition to autoimmunity, this strain has a high incidence of malignancy, it provides a potential opportunity to study associations between immunologically mediated chromosome anomalies and neoplasia ("immunologic oncogenesis") (3).
The majority of NZB mice spontaneously develop autoimmune (Coombs positive) hemolytic anemia and some have circulating antinuclear antibodies that probably contribute to the "immune complex" nephritis also found in these animals (ref. 4 ; reviewed in ref. 5) . Ageing NZB mice also have a high incidence of lymphoreticular malignancy (reviewed in ref. 5) , and it has been suggested that 90% of them may develop reticulum cell neoplasia (5) . We examined NZB and two other strains of mice--SJL/J established by Murphy (6) , which also has a high incidence of reticulum cell neoplasia and immunological aberrations, but no documented autoimmunAbbreviations: SPF, specific-pathogen-free; NZB, New Zealand
Black.
ity (6) (7) (8) (9) , and BALB/c mice, which have essentially no autoimmune reactions and only a low incidence of generalized lymphoid neoplasms and plasmacytomas in ageing animals.
MATERIALS AND METHODS
Alice. Female NZB, BALB/c, and SJL/J mice were tested.
The origin of the various NZ strains of mice has been described (10 (Table   1 ). Spleens from 10 of 11 animals age 3 months or older had mosaicism of cells with abnormal chromosome numbers (aneuploid) and cells with the normal number of 40 chromosomes (euploid). In contrast, eight bone-marrow preparations from these same mice and spleen preparations from six NZ13 mice 0.5-2.5 months old, were scored as normal.
A second group of nine NZB mice, bred conventionally in a different laboratory, was studied when they were between 4 and 8 months old (precise ages were not known) ( Table 1) .
Four mice had aneuploid modes in their spleens, ranging from mouse FF, which had 54 chromosomes in 56% of the cells, to mouse OP, in which 5% of cells had 41 chromosomes. Another animal (GG) had 21% abnormal cells but no clear mode, and is considered normal by our criteria. The pooled figures from both groups of conventional NZB mice show that 14 of 20 animals that were 3 months or older had spleens with chromosome abnormalities. These findings were first detected in animals between 3 and 7 months old and were present in all mice older than 8 months.
Spleen-cell chromosomes from six 6-month-old SPF animals, some of which were Coombs positive, were also studied and found to be normal. However, three of four Coombs-positive SPF mice between 11 and 14 months old were abnormal (JH, Table 2 . The first splenic abchromosomes; JK, 6% with 52 and 5% of cells with 54 chronormality, lymphoid (follicular) hyperplasia, was clearly mosomes). Marrows from these four animals were scored as evident at about 6 months of age, while at 8 months hemonormal.
poietic cell hyperplasia was maximal, and all older mice had Histologic and cytologic observations on spleens and in addition some reticulum cell hyperplasia. One 15-monthkidneys, in relation to age and chromosomal findings from old mouse (H) had reticulum cell neoplasia and another (P) SJL/J Alice. None of the spleens or bone marrow from eight conventional 6-to 1 1-month-old SJL/J mice was scored as abnormal (Table 3 ). There was evidence that one, and possibly two, animals had reticulum eel Ineoplasia in the spleen (mice NN and SS, Table 3 ). Earlier manifestations of this malignancy in SJL/J mice occur ill mesenteric lymph nodes, but these were not routinely studied histologically.
However, proliferating plasma cells (as seen in the parathymic nodes of mice SS and UU, Table 3 ) are frequently associated with the reticulum cell neoplasms of SJL/J mice, and presumably are related to the characteristic paraproteinemia that develops pari-passu with the malignant process in this strain. Chromosome preparations were made from enlarged parathymic iiodes of two mice (SS and and UU, Table 3 ).
Only a rare metaphase was present in the preparation from mouse SS, but 51 cells could be analyzed from the parathymic node of mouse UU, and of these, 8% of cells had 39 and 6% had 41 chromosomes.
BALB/c Mice. Eight conventionally reared 11-and 12-month-old BALB/c mice were studied, and a spleen from only one animal, GH, was scored as chromosomally abnormal (Table 4) . Another mouse (BD) with 39 chromosomes in essentially all spleen and marrow cells, no obvious translocatioll, and normal spleen histology, is assumed to have had constitutional aneuploidy; for the purposes of this study, this is not scored as aberrant.
Eight SPF BALB/c mice, 6-27 months old (Table 4) , were also studied. The one chromosomally abnormal spleen was from a 16-month-old mouse (DD) that had lymphocytes proliferating in the spleen and infiltrating the kidney. Mouse EE with lymphocytic leukemia did not have detectable chromosome aberrations.
In conventional animals older than 2.5 months, 70% of NZB as compared with 13% of BALB/c spleens were scored as chromosomally abnormal (P < 0.02). Significantly more total aneuploid cells were detected in NZB than in BALB/c spleens (25% against 6%, P < 0.001). If the data from conventional and SPF mice are pooled in each strain, the prevalence of chromosomally aberrant spleens is significantly greater in NZB than in BALB/c mice (57% against 13%, P < 0.01). NZB mice had significantly more total aneuploid, hypoploid, and hyperploid cells than BALB/c mice (P < 0.001 in each comparison).
Abnormalities in Chromosome Structure. Only one animal in the entire study had cells in which more than one chromosome break was detected (NZB mouse A had one such cell in spleen and one in marrow). One cell with one chromosome break was found ill spleens from six of the remaining 3 In contrast to the findings in NZB mice, aneuploidy was not detected in spleens of eight conventional mice of the SJL/ J strain, which has a high frequency of malignancy and paraproteinemia, but no documented autoimmunity. Two of 16 BALB/c spleens were found to be chromosomally abnormal (P < 0.01 in comparison with those of NZB mice). Most NZB mice with mosaicism had only one or two aberrant modes (e.g., 56% of the spleen cells in mouse FF had 54 chromosomes and the rest were normal, Table 1 ). Although we did not attempt to show that the missing or extra chromosomes were identical in all cells with the same aneuploid modal number, it is very likely that a population of cells with, for example, 54 chromosomes is clonally derived. We do not know whether these clones belong to the lymphoreticular or hemopoietic series, but since aneuploidy was not detected before lymphoid hyperplasia was evident and was found in young mice before the hemopoietic phase was prominent (Table 2) , our tentative conclusion is that the chromosomally abnormal spleen cells in NZB mice belong to the lymphoreticular series.
The causes of the chromosomal abnormalities are unknown, but several possibilities may be considered. Exogenous microbial infections and other environmental factors such as nutritional deprivation are considered unlikely since aneuploidy was found in NZB mice from two different facilities with different personnel, diets, etc., and because these factors would not simply explain the direct relationship between chromosomal aberrations and age of the mice. Furthermore, consistent aneuploidy is not generally a feature of exogenous microbial (including viral) infections (12) . The same objection may be advanced to the suggestion that the spleen cell chromosomal abnormalities we found resulted from activation of "endogenous" C-type murine leukemia viruses. Immunological perturbations, including autoimmunity, must also be considered as possible causes of chromosomal aberrations in NZB mice (3) . Several immunopathologic features of NZB disease appear at an age earlier than the one at which chromosomal aberrations were first detected. For example, Shirai and Mellors (13) recently described the development during the first month of life of high-titer antilymphocyte autoantibodies in the sera of NZB mice.
Most important among the possible effects of chromosomal aberrations in spleen (presumably lymphoreticular) cells are autoimmunity, reduced immunologic responsiveness (14) (15) (16) seen in NZB mice after the onset of autoimmunity, and malignancy. Increased frequency of neoplasia is found in humans with "autoimmune" disease (see ref. 3) , in the immunologically aberrant NZB mice, and in animals with chronic graft-versushost disease (17, 18) [which not only serves as a model for, but is also associated with, autoimmunity (19)1. Our studies of NZB mice were initiated to explore the hypothesis that these examples of "immunologic oncogenesis" can be explained if a factor related to autoimmunity induces chromosomal aberrations, which in turn either directly or indirectly lead to malignancy (3). The chromosomally aberrant clones found in spleens from NZB mice must enjoy a proliferative advantage or else they would never have developed to the point where they could be detected.
In conclusion, although the causes and effects of chromosomal abnormalities in NZB mice are uncertain, these provide an experimental model for investigating relationships between "autoimmunity" chromosomal aberrations and malignancy. 
